Down-regulation of Myc expression is the earliest documented change in gene expression in retinoic acid-induced differentiation of murine F9 teratocarcinoma cells. F9 cells transfected with plasmids expressing antisense Myc sequences under control of the simian virus 40 (SV40) early promoter exhibit a decrease in Myc protein. The result of this decrease is the spontaneous differentiation into cells that resemble retinoic acid-treated F9 cells as judged by plasminogen activator assays. In contrast, when F9 cells are transfected with a plasmid expressing Myc under control of the SV40 early promoter, resulting cell clones are resistant to differentiation by retinoic acid as shown by the lack of induction of plasminogen activator. These results suggest that down-regulation of Myc is sufficient and necessary for F9 cell differentiation.
The murine teratocarcinoma cell line, F9, differentiates from malignant stem cells to benign extraembryonic parietal endoderm when treated with physiological doses of all-transretinoic acid (1) . This differentiation process is marked by dramatic changes in the cell's phenotype, reflective of the many differences in gene expression between F9 and differentiated F9 cells. Among these changes are increases in expression of plasminogen activator and laminin (1, 2) and a decrease in expression of stage-specific embryonic antigen 1, SSEA-1 (3). To study the mechanism ofaction ofretinoic acid in induction of differentiation, expression of various cellular protooncogenes has been monitored in F9 and differentiating F9 cells. The earliest identified change was the decrease of Myc mRNA within 3 hr of retinoic acid induction (4) . Down-regulation of Myc expression also accompanies retinoic acid-induced human HL-60 cell differentiation (5) and dimethyl sulfoxide-induced murine MEL cell differentiation (6) . Further, it has been shown that constitutive expression of Myc in MEL cells by the use of surrogate promoters inhibits the ability of dimethyl sulfoxide to induce differentiation (7, 8) . Such data suggest that down-regulation of Myc is necessary for differentiation.
We have asked if down-regulation of Myc expression is sufficient as well as necessary for differentiation of F9 cells. To address this question, we have introduced plasmids expressing antisense Myc RNAs into F9 cells. Utilization of plasmids to express antisense RNAs is thought to be capable of suppressing gene function by the formation of RNA-RNA hybrids in the nucleus, which then inhibit transport of RNA to the cytoplasm, inhibit protein translation, and/or increase RNA turnover (9, 10) . Several recent experiments, including the suppression of cytokeratin endo B in retinoic acid-treated F9 cells (11) and the inhibition of growth stimulation in quiescent murine 3T3 cells by expression of antisense Fos mRNA (12) Isolation of DNA and Southern Analysis. Genomic DNA was isolated from cell clones by the method of Gross-Bellard et al. (16) . Southern blot analysis was performed as described (4) .
Isolation of RNA, Primer Synthesis, and Primer Extension Analysis. Total RNA was isolated from cell clones by the procedure of Chirgwin et al. (17) . Quantitative primer extension analysis was performed as described by Phelps and Howley (18) , and the products were resolved by electrophoresis on 6% (wt/vol) polyacrylamide/8 M urea gels. The primer for pMyc2.3 was 5'-TTGGTGAAGTTCACGTT-GAGGGG-3' and is complementary to the murine Myc RNA beginning 41 nucleotides downstream from the start of exon 2 of the gene (19 casein-agar containing plasminogen on day 5 or 7 after initiation of G418 selection. Fig. 2 shows representative overlays of control F9 cells treated with 0.5 ,uM all-transretinoic acid for 72 hr ( Fig. 2A ) and cells cotransfected with p1151 and pCDneo (Fig. 2B) , pAntimycO.4 and pCDneo (Fig.   2C ), or pAntimyc2.3 and pCDneo (Fig. 2D) Since the above data suggest that down-regulation of Myc is sufficient for differentiation of F9 cells, we also wished to determine if down-regulation is necessary for differentiation to occur. Therefore, we asked whether constitutive expression of Myc in F9 cell clones inhibits the ability of retinoic acid to induce differentiation. To provide an appropriate Myc-containing plasmid for this study, the 2.3-kb Xba I-Xho I Myc fragment previously described was placed in the sense orientation in p1151 to give pMyc2.3 (Fig. 3A) . All 5' and 3' Myc regulatory sequences and the endogenous Myc promoters are removed in pMyc2.3, thus placing expression under heterologous control of the SV40 promoter and polyadenylylation signals. After cotransfection of pMyc2.3 and pCDneo into F9 cells and 2 wk of selection in G418-containing medium, colonies were isolated and lines were developed. Fig. 3 shows the molecular data obtained on a sampling of such clones. Southern blot analysis of DNAs prepared from these clones using the 2.3-kb Myc fragment (Fig. 3 A and B) as probe identified the HindIII-digested endogenous gene as a 4.6-kb fragment (lanes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] in both control clones (lanes 1-3) and in the candidate sense clones (lanes 4-11) . The unit length of transfected pMyc2.3 plasmid was identified by a 5.7-kb fragment after linearization with HindIII (lane M) and was found in seven of eight pMyc2.3 clones. Primer extension analysis with an oligodeoxyribonucleotide primer for pMyc2.3 on RNA isolated from control and pMyc2.3 clones is shown in Fig. 3C . The predicted SV40 promoter-derived primer extension products (Fig. 3A) were found in all clones containing the pMyc2.3 plasmid. Fig. 3D shows the presence of endogenous Myc transcripts arising from the endogenous Myc P2 promoter (19) in control p1151 and pMyc2.3 clones (Fig. 3A) . The levels of endogenous transcripts were not affected by the presence of expressing pMyc2.3. Products initiated at P1, 240 nucleotides upstream from the oligonucleotide start, were also unaffected by the presence of pMyc2.3 (data not shown). The expression of the pMyc2.3 plasmid is constitutive as the level of transcripts detected in RNA from retinoic acid-treated cells from these clones was not diminished; however, the level of endogenous Myc transcripts was reduced, as previously seen (7) (data not shown).
Response of pMyc2.3 Cell Clones to Retinokc Acid. The response of the pMyc2.3 cell clones to retinoic acid was measured by the induction of plasminogen activator activity ( Table 2 ). The pMyc2.3 cell clones analyzed in Fig. 3 Fig. 3 . In response to retinoic acid, this set ofclones showed various degrees ofresistance to retinoic acid action as measured by plasminogen activator activity ( Table 2 ). The inability to completely block differentiation was also observed in similar studies in MEL cells (8) Based upon these observations, Myc regulation appears to play a direct role in F9 cell differentiation. The capacity for antisense Myc sequences to induce differentiation of F9 cells (this work) and the observation that treatment of F9 cells with retinoic acid leads to an early decrease in Myc RNA levels (4, 25) may provide important insights into the mechanism of F9 cell differentiation. Commitment to differentiation in response to retinoic acid has been shown to require cell-cycle events occurring in early S phase (26, 27) . Consistent with this observation, arrest of F9 cell growth in G1 phase, while resulting in decreased Myc levels, is not sufficient to induce differentiation (25, 27, 28 (31, 32) , it is now reasonable to postulate direct control of gene expression by retinoic acid in differentiation, to identify genes transcriptionally regulated by retinoic acid, and to determine the mechanism of regulation of Myc by retinoic acid.
